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ABSTRACT

Bisbenzy ltetrah~droisoquinoline tBB IQ) alkaloids arc a very large and structurally

diverse family of compounds that have been isolated from a variety of plant sources and

ha..e been found to exhibit a multitude of phann acological properties including antitumor.

antimalarial. and antibacterial activities. Variation s in the number of aromatic oxygen

substituents present. the number of ether linkages. the nature of the ether bridges and the

sites on the two benzylisoquinoline units where the ether or carbon-carbon bond originate.

have made BBIQs very interesting targets for several syn thetic endeavours.

The research described herein will focus on the anti-inflammat ory and antioxidant

activities 01 the BBIQ oxyacanthine. and several other compounds isolated from the

herbal plant ,\hrhonia aquitotiu m. using the lipoxygenase inhibition and DPPH radical

sea..enging assays. In addition. the total synthesis of two target BBIQ are investigated

utilizing the Piciet-Spengler and Bischler-Napieralski strategies lo r isoquinoline

tormarion. Furthermore. alternative means to the classic Lllmann conditions lo r ether

linkages is explored.
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CHAPTER I

ISTRODl:CTION

1.1 SIn ecures and Sources 0(88 1Q Alkaloids

Bist>enzy lt~trahydroisoquino line (BB IOI alkaloids. some what erroneous ly referr ed

to in many publications as "bisbenzylisoqu inofines" are almos t forgo tten targe ts in

syn thetic chemi stry ever since th.:y were first iden tified and studied in the mid- IQ7Q's

With the rap id d iscovery of other nove l. comp lex compounds provid ing intriguing.

pharmacological promise and synthetic chall enge s, BBIO s took a back seat with respect to

synthetic interest. On the other hand. biolo gists . biochemists. and immunolo gists have

continued to inves tigate these compounds lo r the variety of pharmacological properties

tha t they exh ib it.

The BBIO structu ral class of alkal oid is \~ large with a mode st estimate o t'o ver

~OO membe rs. t - They haw been isolat ed from a varie ty of plant so urces. wi th the ir

amounts and structures being determ ined by eco logical fac to rs . ' Their molecular

struc tures ' at: acco rding to the num ber of aro mat ic oxygen subsnruents and the numbe r

and nature of the ether bridge s. as well as the sires on the BBIO units at which the ether or

car bon-carbo n bonds origina te.' Co ns idering the ex tremely large number of possible

vari ations, the BBIQs are d ivided into ~8 categories according to the ir structural

comp liment. Figure I repr esen ts three diffe rent srruc rures: tal the daurici ne ty-pe.

charac teri zed by a si ngle ether bridge betw een the IWO benzyl group s: (b ) the berbam ine

ty-pe. with ether bridges between the two benzyl gro ups and also betwee n the two



Da urtei ne T ype

Ber bamine T) pe

FiJture I. Three structura l "t ypes" of BBIQ alkaloids.

bocbo odode nd ri ne Type
Cydu ninc-(IO I

tetrahydroisoq uinolin e units . wit h the substitution patte rn shown : and (e) the

isochondodendrine type which can be considered to be "h ead-to-ta il" d imers. An

extensive database has been co mpiled whic h categori ze these compounds according to

their botan ical sources ,1 Many of the-se sources exhibit potent pharma co logical

1 1 S.I'R - <n~ acanthinc R1"' CH j.o Rz - C1lj.o 11. ) ."
1 IR.I 'S • ........Iinc R. *H. Rl - O l ,.. 11. ) -11
6 1S.I'S - rqlUldinc Rj "' CIlz. Rz - C1ll R) "' U
!i IR. I'S - ttf'Iwanlhinc R. -CHz• R1- Cll z II.., - CII)
J7IS.I 'R - bal"",hi.. inc R1- CII)- Rz - II. 11.) "' ''
IJ IR.I 'S . obabcrinc R1- CII). R: -OIJ RJ "' ClI)

19 IR.I 'R - phaclll1lhinc 11. 1"' ClI) 11.1 "' CII., II.J " CHJ
J8 IR. I'S - llNime3i"" Itj "' H. Rl " Cll l• It) "' II
4 IS, l 'S . u'lrandri"" 11. 1"' CII J• 11.1"' CII), R J ~ C II )

J IR.I 'S . berbami"" R. "' CHJ• Rz - ClI ). RJ "' ''

9 IR. I'S . isolctrandrinc: R1"' CII3- 11.: - ('11). 11. ) "'01)
8 lS. l 'S - fan,e hinolinc R. - CH3- 11.1 - 11. RJ "' CHJ
J9I R.I'S - aquifolinc R1"'C H,.. Rz - II. R., - H



activities.·~·6.7.1 which have bee n in part attributed to the action of BBIQs.

Mahonia aquifoJium is an orname ntal shrub of particular interest . Its extracts have

been reported to include potent antio xidant . antiproliferative. andanti-in flammat ory

effects. The investigations of MUlier et aJ.' and Mg ik et uJ! have provided evidence that

some of the constitue nt alkaloids of this plant ex hibit new potent . non- toxic treatment s for

psoriasis and othe r inflammatory cond itions. Their work. as well as the investigations of

this author ....i ll be examined in the followi ng chapters ,

1.2 Pharm acological AClivity of BBIQ Alkaloids

The first phannacological interest in these alkaloids sterns from the known use of

one of these compounds as a poison in arrow s used by severa l native South American

tribes. (+)-Tuboc urarine (I ), which is isolated from a South American plant. serves to

block the act ion of acetylcholine. resulting in muscle

paralysis andeventually leading to death through

N'CH
J

respiratory failure. The compound was later uti lized

in conjunction wi th other anesthet ics in abdominal

surgery as a muscle relaxant." Since this initial

interest . much attent ion has been focussed on

determining addit iona l pharmaco logical act ivities of

BBlQs, only some of which arc outlined in Table I.

Table I reveals that anti-inflammatory action is common to each of the compounds and

that there is a multitude of activi ties which have been observed for the oxya canthine (2)-



Table l , Some pharmacologica l activities attributed to the actio n of BBIQs.
Call1po. Gd PtIa....caktcial Efffl:ts

a_y. c..l..Iee aIlli-inflammluo,: . ~ ." iIfltio\idant .' iIfllipml if~ti,e" L G

inllibition of il -: and ThF "

aIltiplasmoidal.L: aIlti-inOammatot) ."· "" antrpeoliferanve."

aIllio"idanL" inhibllion of PAF." ,. inhibifionof ll-:a.n<:l ThF ."

,mmunosuppressl'e

Inhib,lIon of T-cell dcpendan t immune responscs. ' anllplasmo idal. ':

anl i-intlammatol) ."' " ,. L' PAF inhibifion"

cepbnlltlbine aIlll -intlilJnmaIOI) . "anlipcTlnidalton.~ppl"ession ofponasium

release from red blood cells . 'nhib itionoferythro<:)1csicl ;:e11

formanon. platelet awq:iltlOfl '-

antip lasmoidal. ': anti-inllamma lot)" "

berbamine 13 1types 01 st ructures. These tWOcompounds are of particular inte rest (0 the

researc h presented in this the sis. fi rstl~ because zand 3 were isol ated from .\fahrmiu

aqui fotium. and seco ndly because the struc tures are very similar . except for di fferences in

their subs ti tution patterns and opposite configurations at Cl and C\'. In addition. the

struct ures of many other BBIQ s d.e.. 4-9 ) an: variants of the oxyacanth ine-berbam ine

type. the refore studies into pharmacological effects and synthesis may be signi ficant for

other co mpounds .



Intlammation and oxidation have pronounced nega tive effects in biological

systems . BBIQ s are poremially potent. non -toxic therapeutic agents which have been

demo nstrated to inhi bit these: activities. The research conducted by this auth or . and is

described in this thesis. will examine the abilit ies of the ox yacanthine-berbamine type of

compounds to inh ibit the action of inl1am mation and oxida tion. Thi s is accomplished

using in vnro lipoxyg enase inh ibition and DPPH radic al sca venging assay s. techniques

which will be described in detail in Chapters ~ and 3. respec t ively .

Over the past 30 years. severa l attempts hav e been made to determine the

structure-act ivity co rrelati ons for BBIQs.:,I' Some invesug ano ns lend support to chirality

and substitutio n pattern s aiding in the selec tive interaction with various substrates .' 1 I:

while others sugges t that the BBIQ is metabol ized to active monomer units . Angehc fer «t

<.II. : rece ntly reported Selectivity Indices (Sil for 53 BBIQs . based on measuring the ratios

of the ir antiplasmoidal activity to their cvtc xici ry. They were ab le to identify some trend s

in compounds that ex hibited high SI values. howe ver no conclusion s could be made for

the other alkaloid s tested . Althou gh invesugauons have provided evidence for many

different hypotheses. de finiti ve proo f o f how these compounds exert their effects in

bio logica l systems has st ill not been provided . What is known is that BBIQs do ex hibit

potent biological act ivi ties and represent a poten tially-non-toxic alternat ive to many

com merc ial therape utic agents.

1.3 SY'Dlbesis of BBIQs

Few synthe tic initiatives have been undenaken since the 1960's and 70's . The

·5·



attem pts during this period arc outlined in a couple of review s by Shamm a Iff ul.. : l
• with

particu lar emp hasis on the work conducted by Tomita. '" ' ''' :~ lnubushr" and Karnetani.i ""

The latte r tWOresearchers focused primari ly on the synthesis of oxyacanthi ne (21­

berbamine {3 1and related structures. while Tomita concentrated on the synthesis ofthe

isochondode ndrine rypeof BBIQ (.:·x· cycleanine. 101. Each group undertoo k similar

synthetic routes to their respective compounds. thus encounteri ng many of the same

problems associated with regioselec tiviry. diastereose lectivity and coupling ditflcult ies.

I." Prniou5 S~ h lbdi(' Approlllebn TO~·llIrds OJ:~·.('IlIntbine and Berbamine

The synthetic endeavours of the groups o f tnubushi and of Kametani had several

features in common. including:

II derivation from lour similarly substituted synthons.

21 ether linkages formed via some variatio n of the class ical LlImann condition s.

3 I amide s formed either by the Schcne n-Baumann reactio n or a Dee-aided

condensation between a phenylacetic acid and an am ine. and

~ l tetrahydr oisoquinoline formation accomplished via a Bischle r-Napieralsk i

cyc lization.

Sche me I sho ....s the syn thetic approach proposed by Kametan i ef uf .• in which the BBIQ

macrocycle ....as formed from the comb ination of -t c p' (I I) and "botto m" t121 halves.

Intermediates II and 1l w ere formed in low yield 110"/0 1via ether linkage of the two

am ine syr nhc ns (13 & 1" 1and the ["'0 add syntho ns ( IS & 16 ) respectively. Following

the construction o f the bisamide regioiscrners 111 & 18t Bischler-Napieralski cyclizauon



Schem e 1

and NaBI14 reductio n successfully formed the two tctrahydroisoquino line rings and

resulted in the formation of the two stereogenic centers at C I and C l' as a mixture of

diastereomers that proved to be very difficult to separate.

lnubushi et al. proposed the route shown in Scheme 2 to compou nds 9,19 and 4.

They originally considered that two appropriately substituted benzyltetrahydro-

isoquinoline units could hejo ined via a dual Ullman n coup ling to give the macrocycle.

However, this approach would give rise not only to the oxyacanthi ne-berbam ine (head-to-

head, tail-to-tail coupling) type of structure, but also to an isochondode ndrine (head-to-

-7-



tail. e.g. cycleanine (10» type of structure. Inubushi circ umve nted this prob lem through

synthesis or the bromine-substituted benzyl tetrahydrolsoq uinoline (20), thus allowing a

erepwise route that permitted selective formation of ether linkages and of tetrahydro-

isoquinoline cycli zations (Scheme 2). They reported the resolution of R-(-)-O-benzyl·g ·

bromo laudan idine (20) as its (+)· tartaric salt, followed by an Ullmann reaction with 21 to

give 22. Deprotecti on of the phenol by hydrogenation and a second Ullmann

'w::~u:
10

"):XiI M III(l("

11

"Scheme 2

-8-



condensation with 23. limned tho:e ther linkag e for the bottom half of the struc ture . At

this juncture. rem oval o f the r-butcxycarbo nyl group and saponification of the ester

allo....ed for conden sat ion with the am ine to give amide 2.. . Fortunately. the posi tion ing of

the: elec tron-d onating groups on the aromatic ring permitted the formation of only one:

regicisomer I lS).

ln general. lnubushis mute: tSche me :!l ....as the:mos t effective. circumventing

many of the problems in regioselect ivitv and diaste reo select iviry in Kametani's meth od

i Sc herne I I. However, both attemp ts still had dillicul tics assoc iated wi th the:Ullman n

reactio n as ....e:1Ias ccot rolin g the:ste reoc hemical outcome:o f thei r tinaJ produc ts

LS C~'dc.n inc

Cvcleanine (10 \ is a symmetric al BBIQ that is an interest ing synthetic and

med icinal target. The structure of 10 is clear ly a head-to-tai l dimer composed of t....o

ben zyltetrahydroisoquinoli ne monomer units. Cons idering that the funct iona l group s

present are limited compared to other. more comple x BB IQs. the compound ma y be an

ideal cand idate for studies on structure -activ ity correla tions. As well. intere st ori ginating

from the DPPH radical scavenging assa y. permits an exam ination of the role of

tetrahy droisoquinolines as radical reducing compounds . From these perspectives. the:

synthesis of cvcleamn e ( IO\ ....ould SCI". ': as a model for exam ining the effecti veness of

modem techniques and reagents for the syn thes is of the more comp lex BB1Qs

1.6 S~..ntbcti" Approa"bcs to C~'dean iDe

Previous attempts towards the syn thesis of the isoc hondodendri ne type ofBB[Q.

-9-



cycleanine (10) can beaccredi ted to the work of Tomita et (l1. 1 ~.n The fact that cyclcanine

is a head-to-tail dimer permits exploitation of symmetry in the total synthesis. Tomita

proposed two strategies. The first is outlined in Scheme 3. It is an approac h to the

construction of a bis-amide followed by a subsequent dual Bischler-Napie ralski reaction

to form the two tetrahydroisoq uinoli ne units. The syn thetic sequence invo lved the initial

DeC-aided condensat ion betwee n the unprotected amine group of compound 26 and the

Scheme 3

phenylacetic acid functionality of compoun d 27. The resultant CBZ,o.protected amine 28

was deprotected. and then saponification of the phenylacetic ester and a second DCC

-10-



aided condensation gave bis-amide 29. As in Karnetani' s approach to oxyacanthine-

berbamine, the Bischler-Napieralski cyclizatio n resulted in a mixture of regioisomers

(ring closure on both sites a and b). Since formation of neither of the tetrahydro-

isoquinoline reglolsomers cou ld becontrolled, the reaction resulted in a complex mixture

of products.

Tomita recognized the proble ms associated with this approach and developed the

II ,

a ll

H)CO

=-<.", :'CHJ
1I

B, ,'"
JO

A'

",

J2

Scheme "
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strategy illustra ted in Scheme-r. Tomita attem pted to make use of the symmetrical nature

of cycleanine and construct an appropriately substitute d monomer unit which he hoped to

dimerize via a dua ll"llmann ether linkage reactio n. The syn thes is of dl-bromo­

armepavine 130) was \e ry effic ient. resulting in the correc t reg ioiso mer as the

predominant product. However , the second step involving the dual Ullmann ether

couplings did not gi\e the desired product {31t. Instead. formation of only one ofthe

ether linkages was effect ed (32). but the secon d ether linkage was not successfu l despite

furth er arte rnpts.

A great deal of e ffort has been invested into the synthes is of the oxya can thine­

berbami ne and cycteanine struct ures. however each route. regardless of the struc ture type.

incurred problems with the formation or the macrocyc lic ether linkages and with

determi ning the correct regiochemical outcom e of the tetrahvdroisoqumolin e ring closure .

l nrortunatety. researc hers "ere greatly limited with respect to alte rnatives lor these:key

steps . Nonetheless. ....ith th...develo pment of mode rn methodo logies. the potential lor

overcoming these:difficu lties may be greatly enhanced .

1.7 \tod~m ."It~mamcs 10 tbe lllmallD Rra ctioll

The original U lmann conditions invo lved the use of elevated reactio n

temperat ures, formida ble purification problems. generally low yields and the usc of

stoic hiometric amounts of coppe r." In addition. the co upling was only effectiv e for

compo unds that contained inactivated or slig htly activated hal ides.:1 a conditi on which

posed significant diffic ulties for BBIQ structures containing high ly activated and

-] ~ .



sten cally hindered halides. Fortunately. as a result of the discovery of large. highly

substituted mac rocyc lic species such as vaneo rnycin, the synthet ic organic comm unity has

seen the rise of man y alte rnati ve methods for constru cting diary! ether linkag es . Evans"

and Chan ' "repo ned the usc:of arylboronic acids to couple ....i th activated phenols through

the mediatio n ofCucOAc) :. Althou gh the reactio n has been reponed to tolerate a wid e

\ artery of substiruems on both coupling partners. in cases ....here the <l0-1halide has an

IIflho-heteroaw m subst ituent. the yie lds of product are generall y 10". How ever. reac tions

betw een hal ides and highly act ivated phenols have enjo yed much success and have been

repo ned in yields tha t are sub stam .aily higher than tho se produced under tradi t ional

L"llmann con di tions .

In addit ion . Buchw ald .'t al . ' I reponed on diaryl-ether linkages of deac tivated .

neut ral. and highly activated~ I halide s utiliz ing a palladium-catalysed reaction .....ith

several di fferent bases. solvents and biphenylp hosp hine ligands. depending on the type o f

system present ed . For highly activ ated 301 halides subst ituted ....i th elec tron-d onating

groups in the para posnicn. high yield s .....ere reponed using the biphen yl ligand 33 and a

monobasic potass ium phos phate base(Table ~ l . However.

:?:D
' they prO'.'ided no exam ple of a succ ess ful co upling reaction of

.# I "' elec tron-dona ting gro ups ortho to the halide . Also. no

I Adamanry l) ~ .# explana tion .....as provid ed as to w hy such a sterical ty bulk y

JJ
ligand .....as necessary to effect thi s ope of reactio n.



Tllhle2 . Diaryl ether linkages of phenols with electron-rich halides as reported by
Buchwald et al. )1

r lllt)' h.-lide ph<.~ prodoc ' ..~ lig.-nd ~-idd (%)

I »B' &:»l5I ", KJP04 33 87M
2 MJU' &"m K)PO,* 33 73'" M '"

1.8 Improvement in Tet rab ydrclsequ tncnn e Rin g Closu re

During the original investigations into the synthes is of BBIQs. only the Bischler-

Napieralski cyclization was utilized in the construction of terrahydroisoquinoline rings.

Characterized by retluxing an amide and a Lewis acid (genera lly POCI)) in benzene. the

reaction wes widely emplo yed. however very little was understood wi th regard to the

mechanism. or contro l of product formation. Fodor and Nagubundi " in 1980 proposed

· )4-



the first accepted mechanism. whic h has since undergone several revisions and

modifications. The mechani sm outlined in Scheme 5 is currently accep ted .

Generally. the:LC\\1Sacid \\111 coordinate 10the carbon yl functio n of the amide 10

give an iminium salt (34 1. Electrophitic attack by the aromatic ring onro the iminium

carbo n comple tes the fonnati on of the tetrahydrcisoq uinoline ring (351. This is followed

by the loss of a proton and the elimin ation of the Lewis basefacilitated by the lone pairs

on the nitrogen . The resultan t iminium ion 136J is then reduced by some variat ion of

\;aBH, .

A necessary condition tor the Bischler-Xapieralski reaction is the presence ofan

electro n-donanng group para to the site of ring closure . Ofcourse. in situations in which

there are several electron-d onating groups. there are multiple sues tor ring clos ure .

Although little is known as [0 the conditions that contro l regicselecnviry. some

inves ngauons give support to both elect ronic and steric effects . Thus. a desired

regic isome r can be favcured through the substitution of eiibe r a weakly electron -donat ing

group para to an unwant ed closing site. or by making one site more sterically hindered

than an a hernativ e site .

Since the initial synthe tic attempts towards BBIQs. addi tional method o logies have

been employed. primari ly the Pictet-Spengler and Pomeranz -Fri tsch cyclizanons.'' The

Pictet-Spengler cvcltseuon has quickly risen to become the most popular method tor the

construction o f six-mem bered nitrogen -containing hererocvles . Characterised by the

mechan ism shown in Scheme o. the method is \e r) simi lar 10 the Bischler -Napieralsk i



RCHO

Scheme 6

cyclisarion, however. a couple of advantage s are immed iately apparent: (i) react ion

conditions are milder than the traditional Bischler-Napiere lski cyclization, being

characterized by reacting mixtures of amine and aldehyde in the presence of mildly acidic

conditions. either at room temperature or reflux: and [ii] the reaction is "one-pot" leading

directly to the formation of the tetrahydroisoqu inoline without requiring a subsequent

reduction. Generally the aldehyde or aldehyde derivative condenses onto the amine with

the remaining steps of the mechani sm continuing the same as outlined in Scheme 5.

This thesis will describe approaches used by this author towards the total synthesis

of oxyacanth ine. berbamine. cycleanine and related structures using recently developed

methodologies. The usc of chiral auxilaries to control the chiral outcome of the

stereogcnic cent res at C I and C I' will also bedescribed.

-16-



CH.~PTER2

BBIQ EXTRACTIOS

2.1 Introduction

vtahoma aquitohum 1Berberidaceae I can be found mainly on the Pacific coas t of

So nh America and in Central Europe ,'"' California Indians originally used the berries as

appetue stimulants . Since this initia l use other pharmacological activities have been

explored. including the use of me berries as aphrod isiacs. diuretics. etc .: the root tor

alleviatin g diarrhea, fever. uterosis. etc. : the tincture for treatment of acne. arthrit is.

bronchi tis. etc.. and the bark to treat psoriasi s and other skin irritations.':" Recent

investigations into some otthesc medicinal remedies have been conducted. ho....ever \ eE:

linle evidence or understandi ng has been gained with respect 10 the ac tive components or

their mechanism of action. A relatively large proport ion of .\1 aquitotium ;5composed ,)1'

alkaloidal material (Jool ....it h the most abundan t cons tituent being berberine 1361:

Fun her fractionat ion o f extracts has yield ed several BBIQ alkaloids that have been

identified as being possible antioxidant and anriprolifera tive agents. .....h ich are suspected

10contribute:to the medicina l effects of .H <lqwtillilJ m."

o~< 'I : Ie
o~N,

II IyYOCH,
~'~ 1 OCl-IJ

J6
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The BB IQs ident ified in .\1. aquitol ium include seven different compound s that are

divided into NO sub-classes. here in referred to as : (3 ) the oxyacanthine ( 2 ) structural class

and . lb ) the berbamine 131stru ctural class. Ofthese compounds isotetrandrine (9) was the

firs t to be iso lated and identified from the root portion of the plaru, " followed b~ the

isolati on of oxyacanthine (0. 0-I8° 0l. uro rnotine 17. 0 .00 5°'0). baluchistine (37. 0.0 74°01.

berbamine (0.0-1::°'01.obemegine 138. O.038<1'id. and aq uifoline 139. 0.07 1°'0) in subsequent

years." The literature exam ined to this point indicates the root portio n of the plant as

having the richest alkal oid con tent. with few studies on the bark and foliage extracnons.

The research described in this chapter focuses on determi ning spec ific indicators

of biological act ivity ofv arious alkalo idal extracts. With this knowledge. the intent was

to continue the fract iona tion or these extracts to the point of iso laling and identify ing

specifi c alkaloids. Thi s would allow activity-compound corre lations to be made .

idennfy ing one or more alkaloids as exhibiting the pharmacological activi ty of imerest

(the methods tor determinin g biological acuvirv will be furthe r expanded upon in future

chapters). Based upo n pub lished reports. the BB IQs " ere suspected to be the most ac tive

consmuems."" If our findings "ere in agreement. the intern W35 to isolate one or mo re of

the compounds. fully charac terize the suucturer s t and use the data for comparison wuh

future syn theti c targets.

2.2 Rnulrs and Discu ssioD

2.2.1 Progr rss in tb~ Isola tion and Elucidario n or BBIQs

There exists a mul titude of methods tor the isolation and struc tural elucidation of

\,



natural product s.":" In general. the d~- plant material is first extract ed with a polar

solvent system such as \ leOH or EIOH either at room temperature or at reflux. The

solvent is eva porated to give a residue .....hich is disso lved in an acidic medi um and

was hed with a non-polar organic solvent (e.g hexane) . which removes neutral

co mpo nents such as lipids. glycosides. etc . The aqueous layer is then made basic and

Figure 2. Flo....diagram of the alkalo id extract ion process from Orego n Grape
Root.
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extrac ted with another organic solvent, which after drying with a deh ydratin g agent such

as magnes ium sulfa te. is filtered and again eva porated. A crude alkaloidal extract is thu s

obtained which can he further fra ctionated and purified .

The isola tion process used in this project foll ow ed the genera l me thod outlined in

Figure Z. The iso lat ion ofindivid ual alka loids w as not mel with greer success. The

\ arious extracts were tested tor their biological activi ties using lipo xygenase inhibition.

and kera nnoc yte ann-proliferat ion assay s. how ever we were nOIable 10 isolate a pure

samp le of a BBIQ. After several chromatographic separations (FC C & PLC ) some

fractions.compo unds " ere obtain ed which stained oran ge with Dragendcrff reagent and

.....hose 'H SM R spectra revealed peaks characteristic of BBIQ alkaloids. Probabl y the

most promis ing result is the 'H SMR spectrum (Figure 3) of an otT-white solid obtained

an er colu mn chromatography. Figure 3 compares the 'H ~i\.tR spectra of the crude

product with that of comm erci ally-purchased oxyacanth ine .

As is e\ idem from the spectra . the signals representing the metho xy proto ns

(0 J .7Q. 3 .6~. 3. IQ). .v-methv I protons co ~.67 . ~.S7) and the aromatic protons match those

Clfoxyacant hine. This gave a \ e~ promisin g indication o f the pre sence of a BBIQ

alkal oid. however the spectra also mdicared that impurities were sti ll present. TlC

analysis revealed l)nly very smal l amount s ofother substances . Unfortun ate ly. all attempts

to crystalliz e the product haw fai led . It was then presumed that liquid chromatography

mass spectro me try cLC \ IS) could help 10 identify the minor com ponen ts. However.

cons iderin g the polar nature o f these alka loids and the "tai li ng- observed in the

'0
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I

_. _. .l~"-"l.-,,,-J~J~.~~==:==~'---,-J~
Fi~u tlt 3. Comparison ofthe H '\i\tR I~OO \-IHz ) spect ra ofan impure BBIQ

isolated from \fuhoniu aouitolium and commercial oxyacanthine in
CDCL.

chromatographic procedure s used. considerab le difficulty was encountered in dev ising a

suitable solvent system that could efficiemly separate the compo nents of me mixture .

With the considera tion that volatile chlorinated organic solvent s were to be avoided with

the LC "\t1S. an aceton itrile wate r system was the only system which could be empl oyed .

One unreproducible run reveale d two barely separable peaks having. the same molecular

mass rm z = 00 8 1. suggestin g that a mixture "I' berbamin e and oxyacanthine was present .

ho....ever suffi cient evidence \0 make a direct conclusio n could n OI be obtained.

2.3 Summ.~

Although attempts to isolate SI;'\ era! different alkaloids from .\1. uquHiJlium

resu lted in the iso lation of only one impure BBiQ . experi ence was gained into the



extraction process as well as of the work. time and COSts in..olved . Neve rtheless . the

iso lation of various alkaloidal fraction s for subsequent biologi cal analys is in the

lipoxygenase inhibiti on and DPPH radical reduc tion assays was accompl ished and these

assays are discussed in greater deta il in the following chapters .



2.4 E. puimeocal

Geo enl S«ciOD

.-\11 organic solven ts were redistilled ICHCI , o..-er Pp .. CH,CI:. and hexane o..er

CaH:.J. and all other reagents were purchase d in the highest chemical grade a..ailable

from Sigma-Aldrich. Chromatography was performed using 60 mesh silica gel and

prepara tive layer II mm t chromatography IPLCl with standard thin layer chromatography

ITLC) grade silica gel . Flash chromat ography was conducted using 130400 m..rsh silica

gel. 1H and I_'C ~\IR spectra were obtained on a General Electric GE· 300 SB

spectrometer at 300 \I Hz and 75 \ IHz. respect ively. in C DCI, unless otherwise specified.

H shifts are relati..e to an imernal trimethvlsilan e signal. and shifts in the I)C spectra arc

relanve to the solvem.

Geoenl Proc edu re

Oregon Grape root 15 kg ) obtained from Global Botanni cal . Barrie. Ontari o was

refl uxed in .-\CS grade Q5°o ethanol ever a period of approximately 16 days. Fhe ethanol

was repeatedly remove d from the root mat erial and evaporated on a rotary evaporator to

gi..e a thick blac k liquid (32 1 g ). This was disso lved in HCl"l ' (5%). filtered iruo a

separa tory funn el and washed with hexane. The resultant aqueous layer was basilied with

aqueous concentrat ed SH,OH and extracted repeatedly with CHCI ;. The comb ined

organic layers were dried mer \ lgSO , and e..-aporated on a rotary evaporator 10 give a

black solid l :!3 g).

The solid was re-di ssol ved in ( H,CI,_silica (30 gJ was added and the solve nt was



removed on a rotary evaporator . The resultant product-s ilica mixture was loaded onto 3

silica gel column (::.0 k~) and eluted with an increas ing po larity MeOH/CH ;CI: solvent

system. The fractions were further purified via flash column chromatography and

preparative layer chromatography utilizing some variation of a CH:C I~MeOti Et,:'"

solvent system to yield an off -white solid.



CH.."PTER3

LlPOXYGE~ASE INHIBITION ASS AY

3.1 Introduc tion

5-Lipoxygenase t lOXl is an enzym e ....ith a catalytic ability \0 oxidize I A-d.~ .cis­

pentadie ne fatty acids to prostag landins \ PG' s I and leukctrienes (Lr Sl."·: These prod ucts

have been recognized as mediators of inflammation in patien ts suffe ring from rheumato id

arthrit is. psoriasis. and asthma. Altho ugh the mechani sm of action is not clearly

understood. it is a reasonable assumpt ion that inhibiting.the action of lipcxygen ese can

correlate with anu-intlarnmatory and ann-proliferari...-e activity in animals and human s.':

The lipoxygenase inhibition assay is a relatively simple and inexpe nsive In "Ifm

test for biological activity. 0\ er the past decade. a variety of compound s have been tested

as possible LOX-inhi biting agents incuding anthralin and anthralin deriva tives. ' ...•

protoberberine alkaloids." hisbenzyltetrahydro isoquinoli ne alkaloids, "" and thiazolyl and

benzothiazoly I Schiff bases ," Experiments are normall y condu cted in an incubated

chamber ....here the reaction bet....een a chosen substrate and the lOX enzyme is

monitored by the consum ption of oxygen in a buffered medium . The'dissolved oxygen is

measured ith a Ag.-PIelectrod e polarized to between 0.5 and 0.8 volts. The probe is

enclosed ith in a thin plastic membrane and immersed in an aqueous KCI solution.

\\ h en a ...ohage is applied to the system. the react ion between the Ag electrode and the

chlo ride ions in the solution generates silver chloride. The electrons generated are used

by the platinum electrode to reduce dissolved molecular oxygen that diffuses throu gh the



mem brane from the reaction so lution. The current that is produc ed by this reaction is

proportiona l to the disso lved oxyge n concentration in the buffered medium."

3.2 R6Uhs

3.2.1 Comp.rison of the Inhibilor,' Effecl!i of Ind~'idu.1 Alkaloid s .ad Extra cts
from Mahon.;ll llqllifo!illm

\t iiller el <J" anJ Galle et <J'''~ wer e the fi rst to report on the efficacy ofindividual

alkaloids and extracts trom ,\I. <J<luili/lium as lipox ygenase inhibitors. They reponed the

plant extrac t 10be the most effective with an Ie '" value of 50 101 \ 1. follo wed by

oxyacanthine \21. berbam ine 13 1:rnd berberine \.361 in that order . being less effec tive .

havi ng re".value s ... 100 101 \ 1. Kostalova 0:1 ur" exami ned the inhibitory effects of some

protoberberi ne. apo rphine. and bisbe~ l tetrahy droisoqu ino l i ne alkalo ids in two separa te

publica tions. Each paper compared a different set of alkaloids at differ ent concentrati ons.

wi th a crude jr uq uit il lium extract. The resu lts are pre sented in Table 3 rDeterminanc n

T.blC'3. Lipoxvgenase inh ibitory properties of
alkaloids and extracts from .\1.uqu {folia as
repo rted by Kostalova et u f.""

-I. lahibiti on

oxvberberine (40 I

oxyacanthine (21

berberinl:( 36 1

berbamine (J l
.\-1.aqui folla extra ct

ze

;8

10

40

4 1

55
;7



o f extrac t concentration is outlined in the experi men tal).

Wh en the data repo ne d b~ "Hill er and Gal le are compared wi th those of

Kostalc va, it can be seen that the res ults wi th regard 10 the efficacy of ox yacan thine.

berbam ine. and the extract are generally in agreement but the re is no such agreem en t

when the data obtained with the protober berine alkaloids are compared . Tab le 3 indicate s

berberin e as being a poo r inhib it ing agent o f LO \: at a concentration of 10 ~M. altho ugh

its efficacy at I00 ~M was not repo ned

o_~/'-..<1 ....T l Oxyberberine 140) is revealed as exhib iting a \ el)

o~Nyo poten t inhibitory action at 10~M. an inhibitory

~OCH:l effect which is far areaier than those o f the othe r

~OCH:l test compo unds. ~iS is a very surprising result .

'0
consid ering the relat ive inact ivity wh ich was

dem onstrate d for the non-oxidized berberine struc ture.

A goal of the research irunat ives described in thi s chapter ....as 10 provide an

effec tive comparison of the inhibi tory a biliti es of oxy berber me 140 1. oxyacan th ine (2 1.

berberine 1361. a crude tota l ethano l extra ct from .\1. (Jq /J~fi.Jlium. and a crude alka loid

fraction deri ved from the tota l extrac t. In additi on . interest ....as part icularl y conce ntra ted

on the action of oxyberberine as hali ng a distinct struc tural feature which could account

for its reported enhanced potenc y

The resul ts in Figure..l- represen t a repetition [conducted in our labcrarory r o f the

assay conducted by Kostalova's group. in which fil e lest compounds were compared at



,
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r ~ ~

Fi~un ", Compariso n ofoxy acarnhine (2 1.berberine (36 1. ox:-berberine( 40 ). c rude
alkaloids and EtO H extrac ts from.\/. uqu if;J!ium at 10 IJ.M. Results ure
means -. S.D . m '6 3 1.

concentrations of 10 1J..\t. Figure 4 reveals the st. <Jqu~folium ethanol extract and crude

alkaloid traction to be tho: mos t potent LOX inhibitors. These resu lts are o f no rea l

surp rise and corre lated well ....it" the data prese nted by Kostalova's group . Ho....ever.

there art: discrepancies found tor the remaining three test compo unds . When compared 10

the results obtained by '\101ler. Galle. and Kostalo ve 1ft ai.. the berberi ne result is

cons istent . H O\\ t' \,;'T. oxyacanth ine ex hibited a significant inhibitory effect con s idering

tha t the concentrat ion used w 35 one tenth o f that previously repo ned. when compared to

Kostal ova's results alone. a signifi cantly lowered effect is witnessed ....-ith each compound.

This is espec ially noticeable in tho:protoberberine alkaloids (36 . 40 ) ......here our res ults

show that there is virtual ly no LOX inhibiti on. particularly in the case of oxyberberine.



Xonethe less. consid erat ion must be given to the large standard deviatio n represented in

Figure 4. The data "ere \ el) difficult to reproduce. especially with regard 10the alkal oid

extract s. Also . standard deviatio n could not be calculated accurately for the

protoberberine alkal oids consi dering that several o f the trial runs did not show an~

inh ibition. In an effort to circum vent this problem. the experiment was repeated at higher

Figure 5 reveals the 0 0 LOX inhibi tion lo r the five test compounds at 20 mvt .

so lutions which are 2.000 times more concentrated than those reported in the previous

experiment. Severa l observations are immed iately noticeable from the data: I ) there are

smaller standard deviations: ~ 1the potency of berberin e and oxyacanthine is the same ; 31

,
r+ 11-

, r-r-: r+
, n

.,§ · o !

~ eo.u

~ ~l l . 1

~ W I

j ,o.o

Figun 5. Compari son 0.)1'oxyacanth ine t21. berberine \35 ). oxyberberine \391 and the
EtOH extracts and erode alkaloids from .\J aquifolium al20 m.~1. Results
are means - . S.D. tn =31.

29



oxyberbe rine ....as the least potent alkaloid tested. These resuns quest ion the val idity of

oxvberberine as a potent inhibitor of umi-inflammatory acti..- i~- previous ly reponed b~

Kosialo va f!f <JI•• Ho....ever. jhe fact that berberine w as more potent at a concentration

~ .OOO times greater than that ....hich .... as observed in the previous experiment is.also

significan t and ....urrams further consideratio n.

3.2.2 Do~e--depelldaD~- of Ind n idu al Alkaloids an d EJ.lnn:15rrom Mall on ia
aqlllj olium

Considering the vast difference in the concentrations of the two previously

reported experiments. it was decided that a study of the dcse-dependancy of the lest

compounds \.\as ....arramed . Figures AI -5 illustrate the dose-de pendency for

oxyacanthine . berberine. oxyberberine. the crude EtOH extracts and alkaloid fractions.

respect ively .

The data indicate a clear linear dose- response for each o f the lest compounds. The

inhibitor: abilirv corre lates best with Figure u. namely in the order: ethan ol extracts >

crude alkaloids > oxyacanthine > berberine .> oxyberberine. It should be noted. that the

ethano l extracts and crude alkaloids demonstrated the largest standard deviatio n. a trend

that has been evident in each of the experime nts.

.As previously d..."SCribed. leukotnenes are potent mediators of inflammat ion

originating from the oxidation o f ta~ acids. These compounds serve to stimulate

keraunoc yte prol iferation. resulting in scaling and plaque formation of the epidermis,

; 0



unsig htly sym ptoms characteris tic of psori asi s. Co nsidering the closely related

mechanisms of inflammatio n and proliferation, compli mentary assa ys have been

deve loped that examine the at>ili~ ofvari ous I~SI compounds to inh ibit keratinocvte cell

growth , \.1Uller vt "'/ .... ~ , ,' t examin ed the abil ities ofvarious anti-inflammatory agen ts to

inhibit the prolifera tion of HaCaT cel ls. which have been repo ned as being models of

epid ermal hyper -prolife ration in psori asis. In addition. \.1UlIeret al , also exami ned the

abilities ofoxyacamhine. berbam ine. berberine and extracts from JI. aquito lium to act as

anti -proliferati ve agents. They found thai the resul ts thai they' obtained in th is particu lar

assay w~re the reverse of what thej found for the ann-inflammatory activities . The

BBIQs oxyacanth ine and berbamine were found to be the most potent . while berberin e

-
r-t-

r-r-

r-t-,

, I I I
Fill:urt 6 Com parison of the abilities of oxyacan thi ne el l. oxyberberine (.w ). crude

alkal oids and EIDH extract s from .\I. aquifolium to inhibit ce il growth and
the acti on oflipoxygenase t 100 fJ. \1>.
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and Jl uquilvlium extracts were foun d to ex hibit on ly moderat e activity.

Thi s thes is also describes an account of the abi lities of oxyacanthi ne.

oxybe rbe rine. crud e alkaloids and EIO H extracts 10 inhibit HaCaT cell growt h This

portion of the researc h was performed in co llaboration with and in the labo rarcry of Dr. S.

Kaise r ofthe Facul ry ofMe dicin e. Memcrial L'niversiry ofNewf oundlan d, Figure 6

compar es the magnitudes of l.O X inhibitio n with ant i-prol iferative act ivi ty. alth ough

insuffic ien t data had been obtained at the time ofwritin g this thesis to determ ine standard

deviations. Furthermore. it should be:noted that this work represents a fai r ly recent and

sti ll ongoing investiga tion . Repeat assays of the tes t compounds includi ng berbe rine an:

Tab le" vtutters results indicating anti­
prc lifcrauve act ivity as an 1( .., value.

IC~ (1.0 I 10" M)

sti ll in pro gress

.\1 aqoifolium

berberine

berbam ine
oxy acan th ine

35
30
11

13

According to the data represented in Figure 6. there is corre lat ion in the order of

inh ibito ry ucriviry (EtO H extrac ts > crude alkaloids .> oxyacanthine >-oxyberberinei, but

the absolu te magnitudes of inhibitlll') acriviry is more prono unced in the ami -prolife ration

assay. Although the-res ults indicate a positiv e co rrelatio n betwee n the t\I'-0 protocols. th.:y

do not agreewi th the observat ions o f Mulle r I!/ al .. whose results are presented in Tab le ~ .

32



They reported efficac y as the concentration at which 500" of HaCaT cell growth was

inhibited t iC ,) . Wh en the data which is prese nted in Figure 6 is treated in a similar

manne r. the constituents of ,\I. I.1q uiloliwn appear to have relati vely low anti-proliferative

However it shou ld be noted that "hen the cells were counted alt er incubation.

some of the cells in the wells inoculated with the crude alkaloid s and EtOH extract s

appeared not to be viable. Thus. these co mpounds might have actual ly killed the ce lls.

rather than have inhibited their proliferat ion. S o def initive conclusio ns could be made

without cell \ iability tests which "ere not comp leted at the time of writing this thesis.

3.3 Discu ssion

3.3.1 CompamoDor Stud in

At the onset of this investigation. an attemp t was made to bridge some of tho:

discre panc ies in the results reported by the groups of Malt er. Galle and Kosralo va. This

"as accomp lished for the determi nation of the order of etTicac~ of the .\1. aquitolium

extracts and consnt uems. but not lo r determining the actual magni tudes of efficacy. The

results suggest that the abili~ of inhibitory activity is represen ted in the following order:

EtOH extracts > crude alkaloids > oxyacanthine berberi ne > ox yberberine . ln

co mpariso n to the values reponed by the aforementioned authors . those repon ed in this

thesi s are general ly' smaller. A more significant fact was the observat ion of the virtua l

lack of a lOX inhibito~ e ffec t b~ oxyberberi ne (40 ). a result that direct ly contradic ts
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